INTRODUCTION
Radical nephroureterectomy (RNU) with bladder cuff excision is the current standard of care for upper tract urothelial carcinoma (UTUC). However, postoperative survival outcomes are still unsatisfactory, and a large portion of patients inevitably experience disease recurrence and possible death after surgery. Therefore, it is essential to identify patients who might experience the greatest benefit from RNU and neoadjuvant therapy. 1, 2 Thus far, some preoperative and postoperative factors have been used in the risk stratification of UTUC, based on the European Association of Urology (EAU) guidelines. 3 Although tumor stage and grade have been commonly adopted by most urologists to assess the prognosis of patients with cancer, many researchers have begun to explore the potential roles of certain blood-based biomarkers in the risk stratification of UTUC.
Increasing evidence suggests that specific homeostatic factors might play a pivotal role in tumor invasion and metastasis. [4] [5] [6] Plasma fibrinogen, one of the major components in the coagulation pathway, is often synthesized in large quantities by cancer cells. 7 A growing body of literature has indicated the association of elevated fibrinogen levels with worse survival outcomes in prostate, 8 ovarian, 9 lung, 10 bladder, is not required due to its respective nature. We excluded patients with coagulation-related diseases or prior anticoagulant therapy (n = 7); inflammatory or autoimmune diseases (n = 17); nonurothelial carcinomas (n = 13); lack of preoperative fibrinogen data (n = 16); and those who were lost to first follow-up (n = 64). Finally, a total of 703 patients with available fibrinogen data within 2 weeks before surgery were qualified and included in our study for further analysis. All patients had received RNU, which was performed according to the standard procedures (dissection of the kidney with the whole length of the ureter and open bladder cuff excision). Open or laparoscopic RNU was performed in accordance with the urologists' judgment. Lymph node dissection was performed only in patients with suspected enlarged lymph nodes, which were confirmed via preoperative radiology assessment (computed tomography or magnetic resonance imaging) or intraoperative discovery. When lymph node dissection was performed, the following templates were used: for tumors located in the right pelvis and the upper and middle ureter, dissection included the right renal hilar, paracaval, retrocaval, and inter-aortocaval nodes; for tumors located in the left pelvis and the upper and middle ureter, dissection included the left renal hilar and para-aortic nodes; and for tumors located in the lower ureter, dissection included the ipsilateral common iliac, external iliac, obturator, internal iliac, and presacral nodes.
Clinicopathological evaluation
All RNU specimens were independently re-evaluated by two experienced pathologists. Tumor grade and stage were determined based on the World Health Organization/International Society of Urologic Pathology classification of 2004 and the 2002 Union for International Cancer Control tumor node metastasis (TNM) classification system, respectively. 4 Information on tumor architecture (sessile or papillary), lymphovascular invasion (LVI), positive surgical margins (PSM), and concomitant variant histology (CVH, urothelial carcinomas with abnormal histological differentiation) was retrieved from related pathological reports. Preoperative laboratory data, including fibrinogen level, platelet count, white blood cell (WBC) count, alkaline phosphatase (ALP) level, lactate dehydrogenase (LDH) level, NLR, and albumin-to-globulin ratio (AGR), were collected within 2 weeks before surgery (if more than one report was available, the most recent one was recorded). NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count; AGR was defined as the value of albumin divided by the value of globulin. The optimal cutoff value for fibrinogen was defined as 4.025 g l −1 , based on the receiver-operating characteristic (ROC) curves. The cutoff values for WBC, 16 platelet count, 16 ALP, 17 LDH, 18 NLR, 19 and AGR 17 were determined as previously reported. In addition, other information, including age, sex, body mass index (BMI), smoking status, tumor side and location, bladder cancer status, hydronephrosis, and multifocality, was documented from the medical record of each patient.
Follow-up
Patients were followed up every 3 months in the first year after RNU, every 6 months for the next 2 years, and annually thereafter. Physical examinations, blood laboratory tests, and chest radiography assessments were routinely performed. Computed tomography or magnetic resonance imaging analyses were performed every year or upon suspected recurrence of the disease.
Disease recurrence was defined as recurrence from the operating site, regional or distant lymph nodes, and/or visceral metastasis. Cancer-specific survival (CSS) was defined as the time from RNU to cancer-related death. Disease recurrence-free survival (RFS) was defined as the time from RNU to disease recurrence. Overall survival (OS) was defined as the time from RNU to death from all causes.
Statistical analyses
Student's t-test and the Chi-squared test were used to evaluate continuous variables and dichotomous variables. Associations between fibrinogen and adverse pathological outcomes were assessed using logistic regression analysis, in which odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) were calculated. Probabilities of CSS, RFS, and OS were determined using Kaplan-Meier curves. The log-rank test was used to assess the differences between groups. Multivariate Cox proportional hazard models with forward stepwise methods were used to assess the risk factors for CSS, RFS, and OS. C-index was calculated to assess the improvement in discrimination when adding preoperative laboratory factors to the base model, using the R package "survival. " Decision curve analyses were performed to show the benefit of multivariate models that contained preoperative biomarkers. A two-sided probability (P) value of <0.05 was considered statistically significant. Statistical analyses were performed using the IBM Statistical Package for the Social Sciences (SPSS) Statistics version 22.0 (IBM Corp., Armonk, NY, USA).
RESULTS

Baseline characteristics
Of the 703 patients who exhibited UTUC, the median age at RNU surgery was 67 (interquartile range: 59-74) years and the mean fibrinogen level was 3. . Low-and high-grade UTUC were observed in 186 (26.5%) and 517 (73.5%) patients, respectively. Positive lymph nodes were found in 67 (9.5%) patients. Two hundred and eighty-seven (40.8%) patients had received postoperative adjuvant chemotherapy, and none of the patients had received neoadjuvant therapy. Patients were dichotomized into a high fibrinogen group (fibrinogen ≥4.025 g l −1 ) and a low fibrinogen group (fibrinogen <4.025 g l −1 ) by ROC curves (Supplementary Figure 1) . The area under the ROC curve was 0.689, and the Youden index was 0.316, with a sensitivity of 57.8% and a specificity of 74.7%. There were no significant differences between groups regarding age, BMI, smoking status, tumor side and location, bladder cancer status, hydronephrosis, and adjuvant therapy (each P > 0.05). However, differences were observed in terms of gender, multifocality, surgical approach, tumor grade and stage, lymph node status, tumor size, PSM, tumor architecture, CVH, and laboratory biomarkers (i.e., WBC, platelet count, ALP, LDH, NLR, and AGR) (all P < 0.05; Table 1 ).
Fibrinogen and adverse pathological outcomes
We investigated the associations between fibrinogen and adverse pathological features. After adjusting for pretreatment factors, including age, BMI, smoking status, gender, hydronephrosis, tumor side, tumor location, history of bladder cancer, multifocality, platelet count, WBC count, ALP, LDH, NLR, and AGR, multivariate logistic analysis revealed that elevated fibrinogen (treated as a continuous variable) was independently associated with increased risks of high-grade carcinoma (OR: 1.71, P < 0.001), high pathological tumor stage (OR: 1.69, P < 0.001), lymph node involvement (OR: 1.47, P = 0.001), LVI (OR: 1.30, P = 0.007), sessile carcinoma (OR: 1.45, P < 0.001), CVH (OR: 1.35, P = 0.001), and PSM (OR: 1.38, P = 0.021) ( Table 2 ).
Fibrinogen and survival outcomes
With a median follow-up of 42 (range: 1-168) months, 204 (29.0%) patients died of UTUC, 291 (41.4%) experienced disease recurrence, and 253 (36.0%) died of all causes at the time of the last follow-up. The 5-year CSS, RFS, and OS were 72.9%, 59.3%, and 66.7%, respectively, in the low fibrinogen group, compared with 35.5%, 28.1%, and 30.8%, respectively, in the high fibrinogen group. Kaplan-Meier curves showed that patients with high fibrinogen levels had lower CSS, RFS, and OS than patients with low fibrinogen levels (log-rank tests, all P < 0.001; Figure 1 ). were significantly associated with worse CSS (hazard ratio [HR]: 3.97; 95% CI: 3.00-5.24), RFS (HR: 2.86; 95% CI: 2.27-3.60), and OS (HR: 3.28, 95% CI: 2.56-4.21) in the univariate Cox regression model. Multivariate analysis showed that pathological tumor stage, lymph node involvement, tumor size, NLR, and fibrinogen were independent predictors of CSS, RFS, and OS; tumor grade and CVH were independent predictors of CSS and OS; and ALP was an independent predictor of CSS. The HR values of fibrinogen were 2.33, 2.09, and 2.09 for CSS, RFS, and OS, respectively ( Table 3) .
Clinical utility of the prediction models
We calculated the c-index to determine the predictive accuracy of the multivariate models for survival outcomes ( Table 4 ). The base model was built based on tumor grade, stage, lymph node invasion, tumor size, and CVH; the predictive accuracies for CSS, RFS, and OS were 76.2%, 72.4%, and 75.0%, respectively (derived from the multivariate analyses). The predictive accuracy improved upon adding each laboratory biomarker, including ALP, NLR, and fibrinogen (these were significant in the multivariate models), into the base model. The largest improvement was observed when fibrinogen was added to the base model (c-index improvements for CSS, RFS, and OS were 0.032, 0.020, and 0.028, respectively).
Finally, decision curve analyses were performed to assess the clinical utility of the above findings (Figure 2a) . Because these models assist in identifying patients who require more aggressive pre-and postoperative treatments (such as adjuvant therapy, although it remains controversial in the treatment of patients with UTUC), we assumed that a patient would exhibit a relatively high rate of disease recurrence or death before receiving treatment intervention. Therefore, the threshold probability for the decision curve was up to 50%. Our results showed a significant net benefit for CSS gained by adding fibrinogen to the base model when the threshold ability was 0.3-0.5; in contrast, the net benefit gained by adding ALP or NLR to the base model was not obvious (Figure 2) .
DISCUSSION
Our results suggest that elevated fibrinogen is an independent predictor for adverse pathological outcomes and worse survival outcomes in patients with UTUC. In addition, we demonstrate that the addition of fibrinogen may improve the predictive accuracy of the prediction models; most importantly, we reveal an added benefit for CSS prediction when fibrinogen was added to the base model. To the best of our knowledge, this is the largest single-center retrospective study to investigate the prognostic role of fibrinogen among Chinese patients who had received RNU to treat UTUC.
Using blood-based markers (including NLR, 20 fibrinogen, 13 C-reactive protein [CRP], 21 and albumin-to-globulin ratio 22 ) from laboratory examination to predict oncologic outcomes in UTUC is not a novel concept. According to the most recent EAU guidelines, only NLR has been recommended as a preoperative risk factor in UTUC. Therefore, we sought to explore the predictive value of fibrinogen based on several published reports, which showed that an elevated fibrinogen level was an independent risk factor for poor survival in ). (a) Cancer-specific survival, (b) disease recurrence-free survival, and (c) overall survival. UTUC: upper tract urothelial carcinoma; CSS: cancer-specific survival; RFS: disease recurrence-free survival; OS: overall survival. c b a net benefit in the decision curve analysis. Thus, fibrinogen might be a better prognostic predictor than NLR for UTUC.
Plasma fibrinogen, an important factor reflecting an individual's coagulation function, is routinely measured before surgery. Tanaka et al. 13 first described the prognostic role of pretreatment fibrinogen level in patients with localized UTUC in a Japanese population. The study enrolled 218 patients, and the results showed that fibrinogen >450 mg dl −1 independently predicted worse pathological features and survival outcomes (CSS and RFS). Subsequently, data from Europe 14 and China (East 15 and North 23 ) also supported the independent predictive value of fibrinogen in UTUC. Nevertheless, most of these studies incorporated relatively small numbers of cases with short follow-up durations, which made their results relatively inconclusive. In addition, different cutoff values of fibrinogen were reported in these studies, limiting its use for clinical reference. Our study showed that fibrinogen could not only independently predict outcomes in UTUC, but that it increased the discriminative accuracy of predicting survival outcomes in UTUC and achieved an added net benefit for CSS in the decision curve analysis, based on providing additional information for risk stratification in UTUC.
According to our ROC analysis, the optimal cutoff value was determined to be 4.025 g l −1 . The area under the curve (AUC) was 0.689, and the Youden index was 0.316, with a sensitivity of 57.8% and a specificity of 74.7%. In the study conducted by Wang et al. 8 in prostate cancer, their cutoff value of fibrinogen was 3.225 g l −1 , and the AUC was 0.692, with a sensitivity of 68.3% and a specificity of 65.7%. Both studies had comparable AUC values (0.689 vs 0.692), and sensitivity and specificity all exceeded 50%. It should be noted that using fibrinogen alone to predict survival outcomes might be inappropriate in current clinical practice (57.8% sensitivity); we, thus, incorporate this parameter in our multivariate models; and the predictive accuracy could reach approximately 80% when fibrinogen was added.
To date, progress has been made with regard to determining the potential mechanism by which high fibrinogen level contributes to worse oncologic outcomes among cancer patients. Tumor cells and tumor-associated macrophages might induce elevated fibrinogen levels, and fibrinogen is a determinant of metastatic potential. 24 In vitro assays have demonstrated that fibrinogen can promote tumor cell proliferation 7 and migration 25, 26 through various signal pathways. An in vivo study conducted by Steinbrecher et al. 27 further demonstrated that fibrinogen contributed to tumor progression through interaction with alpha(M)beta (2) . Taken together, these data indicate that the elevated fibrinogen level caused by tumor cells promotes tumor cell invasion and metastasis, which might explain its predictive significance in UTUC.
In addition to fibrinogen, our study revealed that postoperative factors such as tumor stage and grade, CVH, and lymph node involvement independently predicted CSS, RFS, and OS; these findings were consistent with published literature. 2 Compared with these pathological predictors, fibrinogen is advantageous in that it provides easy preoperative accessibility and a cost-effective approach for determining the necessity of early intervention before surgery (e.g., neoadjuvant therapy), as well as for assisting in identifying the best candidates for such interventions. Nonetheless, we did not find an independent prognostic value for LVI and PSM in this cohort, although previous studies revealed that these parameters were useful in this regard. 28, 29 Research on UTUC remains limited because of its low morbidity. Our study had the largest sample size for exploration of the prognostic significance of fibrinogen in UTUC and provided useful information regarding UTUC in the West Chinese population.
As with all retrospective studies, this study was limited by its study design, which might lead to selection bias. Although we strictly limited our study population, we were unable to completely exclude those whose condition might affect the plasma fibrinogen level. In addition, we were unable to assess the potential influence of some factors, such as CRP (reportedly valuable in the prognosis of UTUC 30 ) because they were not routinely assessed preoperatively in our center. Moreover, data on postoperative chemotherapeutic regimens were incomplete, hindering analyzing the effects of the types, dosages, and duration of these drugs on prognosis. Furthermore, the potential role of neoadjuvant therapy remains unclear because our study cohort did not receive this treatment. Further prospective multicenter studies are warranted to support our findings.
CONCLUSIONS
Preoperative fibrinogen is a strong independent factor associated with both adverse pathological features and survival outcomes in UTUC. It might be a better indicator than NLR in predicting oncologic outcomes in UTUC. Adding it into the prediction models might be valuable which might aid in clinical decision-making.
AUTHOR CONTRIBUTIONS
HX, JZA and PT participated in project design and performed data collection and statistical analysis. HX drafted the manuscript. HX, PT, THL, and JZA helped with patients' follow-up. XJ, LNG, and HRL participated in data collection and helped analyze data. LY and QW carried out project design and participated in data explanation and manuscript revision. All authors read and approved the final manuscript.
COMPETING INTERESTS
All authors declared no competing interests. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
©The Author(s)(2019)
Supplementary Figure 1:
The optimal fibrinogen cutoff level (4.025 g l −1 ) was determined from ROC analysis. The AUC was 0.689, and the Youden index was 0.316, with a sensitivity of 57.8% and a specificity of 74.7%. ROC: receiver-operating characteristic; AUC: area under the curve; CI: confidence interval. 
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